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POWER POOLING IN NETWORK DOWNSTREAM DATA 
TRANSMISSION 

BACKGROUND OF THE INVENTION 

5 

This invention relates generally to the transmission of data to multiple users, 
and more particularly the invention relates to a power efficient method of simultaneously 
transmitting a plurality of data packets to multiple users. 

In a star configured data network topology, the downstream transmission of 

10 data is emitted from the base station, located at the hub of the star, to the subscriber stations 
located at the points of the star. One of the physical characteristics of the downstream 
transmission that is often constrained is the emitted power, either average or peak or both. 
These constraints are usually derived from regulatory limits, transmission equipment 
capabilities, or operator cooperative agreements. 

1 5 The very nature of a network suggests that the data transmitted to the 

subscriber stations must share the transmission medium resources. One of the critical 
resources used in the downstream transmission is the total power of the transmitter. In time 
division multiple access (TDMA) each user is assigned a time slot during which full power 
can be devoted for transmitting to one user. This is not power efficient since some users 

20 require less than full available power. In frequency division multiple access (FDM), each 
user has full-time use of a limited portion of the transmission bandwidth. 

Orthogonal direct sequence spread spectrum or orthogonal code division 
multiple access (OCDMA) allows each user to use the full bandwidth flill time. In this 
transmission mode, a plurality of data packets is assembled for coincident transmission. Each 

25 data packet is directly spread by a separate orthogonal code sequence that is assigned to the 
recipient, thus creating a transmission burst associated with each data packet. Further, each 
transmission burst is assigned a power level that will insure proper reception at the intended 
subscriber station. All power scaled transmission bursts are combined to form a composite 
burst that is sent out as a downstream transmission. 

30 Given this manner of downstream transmission generation, there is a difficulty 

encountered when some form of power limitation exists. To conform to the power limit, the 
base station may reduce power proportionally for all transmission bursts in the composite or 
selectively eliminate some transmission bursts to reduce the composite power and thereby 



meet the limit. In the case of a proportional reduction of all transmission bursts, the link 
performance requirement may not be met and the hnked users can experience unacceptable 
error rates, hi the other case where selective elimination occurs, those transmission bursts 
included in the composite have data packet integrity, but those selected for elimination are 
lost, hi either case the capacity of a network is limited due to the loss of data integrity at the 
receive end or the loss of entire packets at the transmit end. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a method of simultaneously 
transmitting data packets to multiple users using a limited transmission power comprises the 
steps of establishing transmission power requirements for each user, receiving in a queue a 
plurality of data packets for transmission to one or more users, and selecting one or more data 
packets for transmission in a composite burst with the cumulative power for the selected 
packets not exceeding the limited transmission power. The selection of one or more data 
packets for transmission is repeated until all data packets in the queue have been transmitted 
in one or more transmission bursts. 

In a preferred embodiment the step of establishing transmission power 
requirements for each user includes determining a signal to noise ratio in the transmission 
link from the hub to each user whereby requisite power can be determined for desired level of 
data reception. Further, the step of selecting one or more data packets for transmission can 
give priority to data packets which have been delayed in the queue. Further, data packets can 
be given priority based upon quality of service to which a user has subscribed and to a 
priority weight based on explicit prioritization of packets. 

The invention is particularly applicable to OCDMA transmissions and will be 
described with reference thereto. However, the invention is applicable to other transmission 
systems including FDM where simultaneous transmission to multiple users is permitted. 

The invention and objects and features thereof will be more readily apparent 
from the detailed description and appended claims when taken with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a functional block diagram of a star configured data network 

topology. 
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Fig. 2 is a functional block diagram of packet selection apparatus in 
accordance with one embodiment of the invention. 

Fig. 3 illustrates three composite bursts, each containing one or more data 
packets within a fixed transmission power of a hub. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

Fig. 1 is a functional block diagram of a star configured data network topology 
for downstream transmission of data from a hub 10 to multiple users identified as No. 1 
through No. 8. Hub 10 typically has a transmitter for the wireless transmission of data using 
a signal which is broadcast to all users. As described above, with orthogonal code division 
multiple access (OCDMA) a plurality of data packets destined for one or more users is 
assembled for coincident transmission. Each data packet is directly spread by a separate 
orthogonal code sequence that is assigned to each recipient user, thus creating a transmission 
burst associated with each data packet. Further, each transmission burst is assigned a power 
level that will insure proper reception at the intended subscriber. Typically the assigned 
power level is determined by the signal to noise ratio in the transmission link fi-om the hub to 
each user whereby requisite power can be determined for a desired level of data reception. 
The power scaled transmission bursts are combined to form a composite burst that is sent out 
as a downstream transmission to all users. 

As noted above, given this manner of downstream transmission there is 
difficulty encountered when some form of power hmitation exists at the hub. In accordance 
with the present invention data packets destined for one or more users are selected for each 
composite burst whereby the fixed transmission power of the hub is not exceeded for each 
burst. The data packet selection in accordance with one embodiment of the invention is 
illustrated in the functional block diagram of Fig. 2. Incoming data packets received at hub 
10 are placed in a queue 20, and each data packet provides information to a selection 
algorithm 22 including user destination and other information such as quality of service to 
which the end user has subscribed, any delay within queue 20 as identified by a flag 
associated with the packet, and any priority associated with the data packet. Selection 
algorithm 22 also receives a measure of required transmission power for each user based on a 
measure of Hnk quality from the hub to the user which can be the measured signal to noise 
ratio of the user hnk. Selection algorithm 22 then selects one or more data packets for 
transmission in a composite burst so that the transmission power of the hub is not exceeded. 
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The composite data biirst is then transmitted as shown at 26. Further, data packets which 
have been delayed for a predetermined period of time, for example, due to power 
requirements exceeding the hub transmission power or errors in the data packet addresses, are 
dropped at 28 thereby freeing queue 20 for more incoming data packets. 
5 As shown in Fig. 3 the data packets are selected and assembled in composite 

bursts for sequential transmission from hub 10 to the user subscribers. Assume that eight 
data packets have arrived in queue 20 and selection algorithm 22 has the power requirements 
(in power units) required for each data packet recipient is as follows: 

Data packets 1, 2, and 5-2 power units each 
10 Data packets 3 and 4-3 power units each 

Data packets 6, 7, 8 - 1 power unit each 

Assume also that hub 1 0 has a power limit of 5 power units. Selection 
algorithm 22 might then select data packets 1 and 3 for composite burst No. 1, data packets 2, 
5, and 6 for composite burst No. 2, and data packets 4, 7 and 8 for composite burst No. 3. 

15 Using this selection criteria based solely on required power for each user, each composite 
burst would use the full 5 power units of the hub transmitter. In so doing data packets 2, 5, 
and 6 are delayed one composite burst, and packets 4, 7 and 8 are delayed two composite 
bursts, assuming that all data packets arrived in queue 20 at the same time. Assuming that 
other priority criteria were used including quality of service for a priority weighting, data 

20 packet 4 might be selected before data packet 3 for inclusion in composite burst No. 1 if data 
packet 4 had a higher priority level. This simple example has only a few packets in each 
burst, but there may be tens or hundreds of packets in a burst. 

The use of selective delay in constructing composite data bursts and pooling 
the power requirements of each data packet so that the power limit of the composite burst is 

25 observed is particularly applicable to OCDMA data transmission. However, the method can 
be applied to other transmission schemes such as frequency division multiple access where 
simultaneous transmission of data packets is permitted. While delay is introduced into the 
transmission of the data packets, the selection algorithm can give priority to delayed data 
packets so that a maximum delay allowable for any one data packet is not exceeded. In high 

30 speed data systems a delay of a few bursts is usually inconsequentially small with respect to 
the overall latency allowed. 

Thus, while the invention has been described with reference to a specific 
embodiment, the description is illustrative of the invention and is not to be construed as 
Hmiting the invention. Various modifications and applications may occur to those skilled in 
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the art without departing from the true spirit and scope of the invention as defined by the 
appended claims. 
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